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During plagues, the Desert Locust has the potential to damage the 
livelihood of one tenth of the world's population 

Food and Agriculture Organization of the United Nations (FAO)
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livelihood of one tenth of the world's population 

Food and Agriculture Organization of the United Nations (FAO)

Understanding when and where marching bands will form is critical as
they are easier to control and inevitably precede outbreaks of winged 
insects.



“Even after 50 years of experience, fighting locusts is more of an art 
than a science” 

Enserink (2004) Science.
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What is the relationship between insect 
density and collective motion in locusts?

Science (2006) 312, 1402-1406 With Jerome Buhl, David Sumpter
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Non-magnetic Magnetic

Increase heat

(770ºC)



position

local average velocity

noise (error)

constant self-propulsion = 0.1

Minimal ingredients– insights from non-linear statistical physics

Vicsek et al., (1995)
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(like gas)

Increasing density

(near transition state) (ordered phase:
driven liquid)Locusts

Theory
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TheoryLocusts
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Individual
Movement 

Error

“Inherent noise can facilitate coherence in collective swarm motion” 

PNAS (2009) 106(14),  5464-5469.



Current Biology (2008) 18(10),  735-739. 

Sepideh Bazazi & Jerome Buhl
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Time series of group experiments
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When locust density increases it is aggressive 
interactions among individuals that is the dominant 

factor in the onset of collective motion



Collective mass migration of locust hoppers, far from 
being cooperative act, is in effect a forced march



Field experiments





Field experiments















Collaborators: Steve Simpson, Greg Sword, Pat Lorch

Proc. Natl. Acad. Sci. USA (2006) 103, 4152-4156

Mormon Crickets



Mormon Crickets
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Individuals attack those ahead and try to 
prevent being attacked from behind



Individuals attack those ahead and try to 
prevent being attacked from behind

Stop and you risk being cannibalised



Protein and salt satiation should reduce cannibalism

…and inhibit marching



Protein and salt satiation should reduce cannibalism

…and inhibit marching
Protein-satiated crickets spent ~50% less time walking than protein-

deprived insects (P< 0.006)

Protein or salt satiated crickets cannibalised 30-50% less (P<0.0005)



Cannibalism is socially facilitated

Bazazi et al. (2010), in revision



Bazazi et al. (2010), in revision



Bazazi et al. (2010), in revision



Physical Review Letters (2009)

with Pawel Romanczuk & Lutz Shimansky-Geier
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-statistical physics
-nutritional ecology
-landscape ecology
-neurobiology
-physiology
-evolutionary modeling







Will return to discuss the evolution of mass migration  





ci(t)

vi(t) cj(t)

vj(t)

Journal of Theoretical Biology (2002) 218, 1-11



cj(t)

vj(t) Avoidance behaviour (repulsion)

ci(t)

vi(t)



cj(t)

vj(t)

Attraction and/or alignment of direction

ci(t)
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Kolpas et. al. PNAS (2007)

Alignment / Polarization = black        Degree of rotation = dotted



Modeling Experiment



Yael Katz
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Dan Swain











Colin Twomey
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Scaling to natural 

observations and 

studying group 

hunting strategies 

among predators 

using acoustic 

cameras

(with Nils Olav Handegard, Kevin 

Boswell, Simon Leblanc)



Couzin, TICS (2009)

Couzin, Nature (2007)



How do grouping animals make informed unanimous decisions?

Couzin et al. Nature (2005) 433, 513-516
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gi(t)

signaling?

individual
recognition?



Social interactions

Attraction Alignment



Social interactions

si(t)



gi(t)



di(t+Dt) = 
si(t) + w gi(t)

si(t) + w gi(t)

si(t)

gi(t)



Low w – weak directional preference

di(t+Dt) = 
si(t) + w gi(t)

si(t) + w gi(t)



High w – strong directional preference

di(t+Dt) = 
si(t) + w gi(t)

si(t) + w gi(t)
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preferred direction
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Add 1 extra individual to one of the informed groups
(1% of total group size) 

Unequal number of individuals with opposing preferences
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Biro et al, (2006)
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Animal Behaviour (2008)



Leadership 

a small minority can lead without active signaling

leaders



Collective decision-making

When conflicting directional information is given the majority 
dictate the direction of the group



Large groups
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Very little is known about what 
mechanisms are used for collective 

decision-making in vertebrate groups
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Simple model

In the absence of other individuals taking a particular direction, 
uncommitted individuals have a spontaneous probability of 
choosing either direction based on their own information –
parameterized by individual experiments (independent)

However their probability of choosing one direction increases as a 
function of the number of individuals that have recently gone that 
way (social)

Two main parameters determine the shape of this response:

a – spontaneous accept rate

k – the steepness of the response  





Model fit to data



Quorum decision-making in fish schools
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Proportion of fish making a ‘correct’ choice
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Humans

Stanley Milgram, Leonard Bickman and Lawrence Berkowitz (1969) Note on the drawing 
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Evolution of collective behavior





Testing the Theory



Testing the Theory
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A B C

Costs and Benefits of Responding to Noisy 

Environmental Gradients



But individuals are not cooperative, they are selfish

Costs and Benefits of Responding to Noisy 

Environmental Gradients



si(t)

gi(t) All individuals have 2 

evolvable parameters:

wg = gradient detection 

ability 

ws = sociality

Guttal & Couzin (2010), in review



Evolution of Collective Migration 
Guttal & Couzin, 
in review













What if you can switch strategies stochastically?

What if you can switch strategies in a context-

dependent way?

e.g. in order to avoid being exploited by social 

individuals, and/or to exploit others with gradient 

detection ability, an individual may not perform 

gradient detection when the local environment is 

crowded (quorum-sensing) despite possessing a high 

gradient climbing ability (wg)

More complex abilities



More complex abilities



But what if groups are of high relatedness (e.g. clonal)

Costs and Benefits of Responding to Noisy 

Environmental Gradients





Colin Torney
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